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INTRODUCTION 

The i n c i d e n t  shock t echn iques  which are so  w e l l  adapted  t o  t h e  
s t u d y  o f  endothermic r e a c t i o n s ( l ) ,  a r e  i n  g e n e r a l ,  not  a p p l i c a b l e  
t o  t h e  s tudy  of h i g h l y  exothermic  r e a c t i o n s .  Th i s  is because a 4  
exothermic  r e a c t i o n  o c c u r r i n g  i n  a s m a l l  r e g i o n  of a f lowing  g a s  
causes  a n  i n c r e a s e  of t h e  l o c a l  p r e s s u r e  and i n  t h e  case of shock 
wave h e a t i n g  t h i s  p r e s s u r e  i n c r e a s e  o c c u r s  beh ind  and close t o  t h e  
shock  f r o n t .  S i n c e  t h i s  r e g i o n  is subson ic  t h e  p r e s s u r e  i n c r e a s e  
w i l l  propagate  as a wave t o  t h e  f r o n t  and i n c r e a s e  t h e  v e l o c i t y  of 
t h e  f r o n t ,  t he reby  i n c r e a s i n g  t h e  tempera ture  of t h e  next  element 
of g a s  hea ted  by shock  compression.  T h i s  process is s e l f  a c c e l -  
e r a t i n g  and i n  g e n e r a l  a s t e a d y  s ta te  wave w i l l  not be ob ta ined  
u n t i l  t h e  wave is t r a v e l i n g  a t  or above t h e  Chapman-Jouget detona- 
t i o n  v e l o c i t y  f o r  t h e  mix tu re .  S i n c e  i n  a l l  r e a c t i o n  k i n e t i c s  
work one must f o l l o w  t h e  h i s t o r y  of  a f i x e d  element  of g a s ,  in-  
c i d e n t  techniques  w i l l  on ly  work i f  t h e  wave is t r u l y  s t e a d y  s t a t e  
i n  t i m e .  The re fo re  h i g h l y  exothermic s y s t e m s  may be s t u d i e d  by 
i n c i d e n t  techniques  o n l y  i n  t h e  l i m i t  as s t e a d y  d e t o n a t i o n  waves. 

I n  t h e  endothermic case t h e  r e a c t i o n  l o c a l l y  lowers  t h e  p r e s s u r e  
behind t h e  shock wave the reby  s l i g h t l y  lowering shock v e l o c i t y .  
A s t e a d y  shock wave fo l lowed  by a r e a c t i o  ave  can  t h e r e f o r e  be 
g e n e r a t e d  and s t u d i e d .  
t h a t  s t e a d y  waves can  also be g e n e r a t e d  and s t u d i e d  i n  weakly ex- 
o the rmic  mix tu res .  

S c h o t t  and Kinseyq2Y have demonstrated 

A d i f f e r e n t  s i t u a t i o n  exists f o r  t h e  r e g i o n  behind a r e f l e c t e d  
shock .  Here t h e  g a s  is e s s e n t i a l l y  q u i e s c e n t  a t  t h e  back w a l l  
and f i x e d  s t a t i o n  o b s e r v a t i o n s  shou ld  y i e l d  meaningful  r e s u l t s .  
Furthermore t h e  r e f l e c t e d  shock  p rov ides  n i c e l y  c o n t r o l l a b l e  i n i -  
t i a l  c o n d i t i o n s  f o r  obse rv ing  t h e  d e t a i l s  of t h e  a c c e l e r a t i n g  
p r o c e s s .  

*On l e a v e  from t h e  B a l l i s t i c s  Research  L a b o r a t o r i e s  as a Ford 
Foundat ion V i s i t i n g  P r o f e s s o r .  
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R e c e n t l y ,  w e  observed t h a t  a h i g h l y  exothermic r e a c t i o n  o c c u r r i n g  
behind t h e  r e f l e c t e d  shock  c a n  q u i t e  r e p r o d u c i b l y  g e n e r a t e  one 
dimensional  a c c e l e r a t i n g  waves t h a t  a r e  e i $ h e r :  1) "detonat ion" 
waves which e v e n t u a l l y  o v e r t a k e  and i n t e r a c t  w i t h  t h e  r e f l e c t e d  
shock wave, or, 2)  p r e s s u r e  waves which c a u s e  a s i m p l e  accelera- 
t i o n  of t h e  r e f l e c t e d  shock . (3 )  
s i o n s  concerning d e s i g n  l i m i t a t i o n s  f o r  t h e  r e f l e c t e d  shock 
t echn ique ,  some of o u r  f u r t h e r  o b s e r v a t i o n s  of the a c c e l e r a t i o n  
phenomena i n  t h e  hydrogen-oxygen system, and our o b s e r v a t i o n s  of  
a d i a b a t i c  e x p l o s i o n  d e l a y s  i n  hydrogen-oxygen m i x t u r e s .  

T h i s  paper  d e s c r i b e s  o u r  conclu- 

DESIGN LIMITATIONS 

The s t e p  r e f l e c t e d  shock produced a t  t h e  end of a conven t iona l  
shock t u b e  is, w i t h i n  c e r t a i n  l i m i t a t i o n s ,  w e l l  s u i t e d  f o r  t h e  
s t u d y  of h i g h l y  exothermic r e a c t i o n s .  These l i m i t a t i o n s  are: 

1. 

2 .  

3. 

4 .  
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R e f l e c t e d  shock h e a t i n g  is c l e a n  ( i . e .  t r u l y  one 
d imens iona l )  on ly  i f  t h e  h e a t  c a p a c i t y  r a t i o  
of t h e  g a s  mix tu re  is g r e a t e r  t h a n  1 . 4  ove r  t h e  
t empera tu re  r ange  used  i n  t h e  expe r imen t .  (4 )  

Only r e a c t i o n s  which occur  r a p i d l y  a t  h i g h  t e m -  
p e r a t u r e s  may b e  s t u d i e d .  Only a t  t h e h i g h e r  
t empera tu res  is t h e  r e f l e c t e d  shock  t e m p e r a t u r e  
s u f f i c i e n t l y  above t h e  shock  t e m p e r a t u r e  t o  a l l o w  
r a p i d  r e a c t i o n  i n  t h i s  r e g i o n  w i t h  o ear l ier  
r e a c t i o n  behind t h e  i n c i d e n t  s h 0 c k . 4 ~ )  
r e a c t i o n  is d e f i n e d  h e r e  as one i n  which t h e  
e v e n t s  of i n t e r e s t  occu r  i n  t h e  t i m e  r a n g e  10 
t o  1000 microseconds.  

A r a p i d  

The e x p l o s i v e  m i x t u r e  must be s e p a r a t e d  from t h e  
diaphragm by a n  i n e r t  g a s  mix tu re  of s i m i l a r  prop- 
e r t ies  ( b u f f e r  g a s )  and t h e  i n t e r f a c e  between t h e  
two g a s e s  must not  g e n e r a t e  r e f l e c t e d  shocks  when 
t h e  i n c i d e n t  shock t r a v e r s e s  t h e  boundary. Once 
a g a i n  local  r e f l e c t e d  shocks i n  t h e  x l o s i v e  mix- 
t u r e  c o u l d  t r i g g e r  e a r l y  d e t o n a t i o n .  757 

Small  c r a c k s  and c r e v i c e s  i n  t h e  t u b e  w a l l  must be 
e n t i r e l y  a b s e n t .  These produce local r e f l e c t e d  
shock  waves which c o u l d  t r i g g e r  e a r l y  d e t o n a t i o n .  (6)  

I n  g e n e r a l  t h e  r e f l e c t e d  shock is no t  as i d e a l  as 
t h e  i n c i d e n t  shock  wave.(4,7)  
best  c u r r e n t  estimate is t h a t  t h e  r e f l e c t e d  shock  
g a s  t empera tu re  is approx ima te ly  30° t o  50° below 
theoretical  i n  t h e  r a n g e  1500°K< Trs< 300O0K. 

EXPER I MENTAL 

I n  pu re  a rgon  t h e  

A f o u r  inch i . d .  s t a i n l e s s  s tee l  shock  t u b e  w i t h  a 50 i n c h  
compression s e c t i o n ,  a n  88 i n c h  b u f f e r  s e c t i o n  and a 164 inch 
t e s t  s e c t i o n  w a s  used i n  t h e s e  expe r imen t s .  The b u f f e r  s e c t i o n  
was s e p a r a t e d  from t h e  t es t  s e c t i o n  by a f o u r  i n c h  s t a i n l e s s  
s tee l  b a l l  v a l v e  ( a  s i x  and one h a l f  i n c h  s p h e r e  w i t h  a f o u r  

\ 
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i nch  h o l e  bored through i t )  which a l lowed und i s tu rbed  passage of 
t h e  shock  when i n  t h e  open p o s i t i o n .  When c l o s e d  t h e  va lve  was 
vacuum t i g h t  and a l lowed u s  t o  p l a c e  a n  i n e r t  g a s ,  of t h e  same 
d e n s i t y  as  the  e x p l o s i v e  g a s ,  i n  t h e  s e c t i o n  nea r  t h e  diaphragm 
and i n  t h e  bore of t h e  v a l v e .  P r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  
v a l v e  w a s  a d j u s t e d  t o  z e r o  e x t e r n a l l y  and t h e  v a l v e  was opened 
abou t  10-20 seconds b e f o r e  f i r i n g  t h e  tube .  T h i s  e f f e c t i v e l y  
prevented  any premature  d e t o n a t i o n s  i n i t i a t e d  by, non- idea l  d i -  
aphragm burst .  A l s o ,  t h e  t e s t  s e c t i o n  w a s  c o n s t r u c t e d  t o  e l i m -  
i n a t e  a l l  i n t e r n a l  c r e v i c e s  a t  t h e  j o i n t s  and window mountings 
i n  o r d e r  t o  e l i m i n a t e  premature  d e t o n a t i o n s  caused by l o c a l  
r e f l e c t e d  shocks.  S t r i p  photographs (x - t )  of r e f l e c t e d  shock  
behav io r  were t a k e n  w i t h  a n  . e i g h t  i n c h  s c h l i e r e n  sys tem through 
8" X 0.025" s l i t  windows a t  t h e  back w a l l .  Other  exper imenta l  
de t a i l s  are  g iven  i n  a p rev ious  paper .  (4) 

One d imens iona l  s t e a d y  s t a t e  shock  wave and d e t o n a t i o n  c a l c u l a -  
t i o n s  w e r e  performed on t h e  B a l l i s t i c  Research  L a b o r a t o r i e s '  
h igh  speed  computer, t h e  EDVAC. Thermodynamic data f o r  t h e  g a s e s  
w a s  t aken  from r e c e n t  Bureau of S tanda rds  t a b l e s .  Shock c a l c u l a -  
t i o n s  were performed w i t h  t h e  assumpt ion  of  no r e a c t i o n  or d i s so -  
c i a t i o n  but r a p i d  v i b r a t i o n a l  r e l a x a t i o n  i n  t h e  shock.  Detona- 
t i o n  c a l c u l a t i o n s  were performed by assuming complete  thermodynam- 
ic  e q u i l i b r i u m  i n  t h e  wave. The C-J v e l o c i t y  w a s  c a l c u l a t e d  
u s i n g  t h e  f rozen  e q u i l i b r i u m  v e l o c i t y  of sound. 

RESULTS 

S c h l i e r e n  s t r i p  f i l m  ( x - t )  photographs of  t h e  r e f l e c t e d  shock  
r e g i o n  w e r e  t aken  i n  s t o i c h i o m e t r i c  hydrogen-oxygen mix tu res  
d i l u t e d  w i t h  7%, 85% and 94% a rgon .  
( 9 2 @ O K  (T < 1820°K) r e a c t i o n  was e v i d e n t  behind t h e  r e f l e c t e d  
shock.  A f T  our  photographs  i n d i c a t e d  t h a t  t h e  i n i t i a l  r e a c t i o n  
was t y p i c a l  of a homogeneous a d i a b a t i c  e x p l o s i o n  wi th  a f i n i t e  
d e l a y .  D e l a y s  ranged  f r o m  12  to 880 microseconds.  I n  a d d i t i o n  
w e  observed  t h a t  t h e  wave n a t u r e  of t h e  h e a t i n g  cycle produced 
a r e a c t i o n  wave which t r a v e l e d  away from t h e  back w a l l  a t  or 
above t h e  r e f l e c t e d  shock  v e l o c i t y .  

Two t y p e s  of a c c e l e r a t i n g  wave behavior  were observed i n  hydrogen- 
oxygen-argon m i x t u r e s .  F i g u r e  1 i l l u s t r a t e s  t h e  case where t h e  
r e a c t i o n  g e n e r a t e s  a weak p r e s s u r e  wave which t r a v e l s  t o  t h e  
r e f l e c t e d  shock caus ing  i t  t o  accelerate t o  a new s t e a d y  v e l o c i t y .  
During t h i s  process  t h e  r e a c t i o n  zone a l s o  accelerates and even- 
t u a l l y  r eaches  a new p o s i t i o n  c l o s e r  t o  t h e  r e f l e c t e d  shock wave .  
F i g u r e  2 is t y p i c a l  of t h e  o t h e r  t ype  of behavior  observed .  Here 
t h e  p r e s s u r e  wave s t e e p e n s  i n t o  a shock  wave b e f o r e  i t  r eaches  
t h e  r e f l e c t e d  shock.  T h i s  r e a c t i o n  shock  is fo l lowed by a narrow 
d a r k  zone ( i . e .  no g r a d i e n t s )  and t h e n  a s t r o n g  r a r e f a c t i o n  wave 
( g r a d i e n t s  o p p o s i t e  t o  t h a t  i n  t h e  s h o c k ) .  T h i s  wave p a t t e r n  
a c c e l e r a t e s  and grows more compact as it  t r a v e l s  away from t h e  
back w a l l  of t h e  t u b e  and  f i n a l l y  i n t e r a c t s  w i t h  t h e  r e f l e c t e d  
shock ,  producing a new h i g h  s t r e n g t h  shock (now c l o s e l y  fo l lowed 
by t h e  r a r e f a c t i o n  z o n e ) .  The i n t e r a c t i o n  wi th  t h e  r e f l e c t e d  
shock  a l s o  produces a c o n t a c t  d i s c o n t i n u i t y  which is t r a v e l i n g  
away from the  back w a l l  i n i t i a l l y  bu t  qu ick ly  decelerates t o  z e r o  

I n  t h e  r ange  2.14 <Ms<2.8 
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v e l o c i t y  and a sometimes observed  weak r a r e f a c t i o n  wave which 
t r a v e l s  toward t h e  back w a l l  of t h e  shock  tube  a t  a c o n s t a n t  
v e l o c i t y .  The s h o c k - r a r e f a c t i o n  p a t t e r n  which w e  observe ,  both 
b e f o r e  and a f t e r  i n t e r a c t i o n  w i t h  t h e  r e f l e c t e d  shock  wave ,  
s u g g e s t s  a d e t o n a t i o n  wave. The s t e a d y  v e l o c i t y  of t h i s  wave i n  
t h e  i n c i d e n t  g a s  a g r e e s  w e l l  w i t h  C-J  c a l c u l a t i o n s .  However, 
wave v e l o c i t i e s  measured ahead o f  t h e  i n t e r a c t i o n  show t h a t  t h e s e  
a c c e l e r a t i n g  waves are t r a v e l i n g  a t  approximate ly  one ha l f  t h e  
C-J  v e l o c i t y  f o r  t h i s  r e g i o n .  I t  is i n t e r e s t i n g  t h a t  t h i s  non- 
s t e a d y  wave has  never  e x h i b i t e d  any of t h e  c h a r a c t e r i s t i c s  of 
s p i n n i n g  d e t o n a t i o n .  Occas iona l ly  w e  have observed  s l i g h t l y  non- 
one-dimensional behavior  at t h e  s t a r t  of wave fo rma t ion  bu t  i n  
e v e r y  case t h e s e  n o n - i d e a l i t i e s  were r a p i d l y  damped and t h e  wave 
q u i c k l y  became a s t r i c t l y  one d imens iona l  wave pe rpend icu la r  t o  
t h e  w a l l  of t h e  f o u r  inch  shock  tube .  

I n  a l l  cases where r e a c t i o n  was observed behind  t h e  r e f l ec t e_d  
shock  wave t h e  de l ay  t o  a d i a b a t i c  e x p l o s i o n  a t  t h e  back w a l l  was 
measured by e x t r a p o l a t i n g  t h e  wave motions t o  t h e  back  w a l l .  
These d e l a y s  are compared t o  S c h o t t  and Kinsey ' s (2 )  r e c e n t  d a t a  
i n  F i g u r e  3. T h e i r  d a t a  l i n e  r e p r e s e n t s  t h e  d e i a y  t o  t h e  f i r s t  
appearance of OH r a d i c a l s  i n  a b s o r p t i o n  w h i l e  o u r s  r e p r e s e n t s  t h e  
d e l a y  t o  t h e  a c t u a l  a d i a b a t i c  e x p l o s i o n .  D r .  S c h o t t  h a s  i n d i c a t e d  
i n  a p r i v a t e  communication t h a t  t h e i r  d e l a y s  t o  maximum OH con- 
c e n t r a t i o n  were about  one and one-half t i m e s  l o n g e r  t h a n  t h e i r  
appearance  de lays .  Our d e l a y s  are, on t h e  ave rage ,  1 . 2  t o  2.0 
t i m e s  l onge r  t h a n  S c h o t t  and Kinsey ' s  d e l a y s .  T h i s  i n d i c a t e s  
t h a t  a t  t h e  back $a l l  w e  are indeed obse rv ing  a n  exothermic  
r e a c t i o n  under w e l l  c o n t r o l l a b l e  and c a l c u l a b l e  c o n d i t i o n s  f r e e  
from t h e  compl i ca t ions  of t h e  a c c e l e r a t i o n  p rocess .  

THE MECHANISM OF DETONATION INITIATION 

I n  t h e  "de tona t ion"  c a s e  d e s c r i b e d  above it  is obvious  t h a t  w e  
a r e  d e a l i n g  w i t h  a ve ry  s p e c i a l  and i n t e r e s t i n g  case of detona-  
t i o n  i n i t i e t i o n .  I t  is a n  i n t e r e s t i n g  case because  i t  is so 
n i c e l y  one d imens iona l  and r e p r o d u c i b l e .  I t  is s p e c i a l  because 
t h e  wave t h a t  is g e n e r a t e d  behind t h e  r e f l e c t e d  shock  has  a l l  
t h e  g r o s s  c h a r a c t e r i s t i c s  of a d e t o n a t i o n  b u t  t r a v e l s  a t  approx- 
imate ly  h a l f  t h e  c a l c u l a t e d  C-J v e l o c i t y .  

The q u a l i t a t i v e  behav io r  of t h i s  wave sys t em may be d e s c r i b e d  i f  
w e  f i rs t  make some assumpt ions  concern ing  t h e  r e a c t i o n  and then  
men ta l ly  remove them one a t  a t i m e .  L e t  u s  assume t h a t :  1) t h e  
r e a c t i o n  starts a f t e r  a f i n i t e  de l ay  t i m e  T w h i c h  is c o n s t a n t  f o r  
eve ry  element  of gas, 2)  t h e  r e a c t i o n  ra te  is i n f i n i t e  ( i . e .  t ( t ,  
no r e a c t i o n ;  t )r ,  complete  e q u i l i b r i u m ) ,  3) no h e a t  e v o l u t i o n  
or  molecular  weight  change o c c u r s  du r ing  t h e  r e a c t i o n .  With t h e  
above assumpt ions  t h e  r e a c t i o n  would appea r  as a r e a c t i o n  wave 
t r a v e l i n g  a t  t h e  same v e l o c i t y  as t h e  r e f l e c t e d  shock .  
4 t h e  d o t t e d  l i n e  (RW) r e p r e s e n t s  . t h i s  S i t u a t i o n .  I f  w e  remove 
c o n d i t i o n  t h r e e  and alyow t h e  r e a c t i o n  t o  l i b e r a t e  a q u a n t i t y  of 
h e a t ,  t h e  r e a c t i o n  wave w i l l  s e p a r a t e  r e g i o n s  o f  low and h igh  
tempera ture .  
t h a t  f o r  t h i s  s i m p l e  s i t u a t i o n  you w i l l  obse rve  a c e n t e r e d  wave 
p a t t e r n  c o n s i s t i n g  of a shock  wave ( r e a c t i o n  shock)  fo l lowed by 
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t h e  r e a c t i o n  wave (RW). These waves s e p a r a t e  s t e a d y  s ta te  reg ions  
and t h e  shock  s t r e n g t h  is determined by t h e  exo the rmic i ty  of t h e  
r e a c t i o n  and t h e  added c o n d i t i o n  t h a t  t h e  p a r t i c l e  v e l o c i t y  be 
e q u a l  t o  z e r o  a t  t h e  back w a l l .  The shock  which is produced is 
i d e n t i c a l  t o  t h a t  o b t a i n e d  w i t h  a p i s t o n  motion drawn as t h e  equiv-  
a l e n t  p i s t o n  p a t h  i n  F i g u r e  4 .  The l i g h t  l i n e s  r e p r e s e n t  a par-  
t i c l e  p a t h  through t h e  i d e a l i z e d  c e n t e r e d  wave p a t t e r n .  

Removing assumpt ion  number two and a l lowing  f i n i t e  r e a c t i o n  rates 
w i l l  c ause  t h e  shock  wave t o  appear  some d i s t a n c e  from t h e  back 
w a l l .  T h i s  is e q u i v a l e n t  t o  a slow a c c e l e r a t i o n  of  t h e  p i s t o n  
i n s t e a d  of t h e  impu l s ive  motion i l l u s t r a t e d  i n  F i g u r e  4 ,  and it 
c a u s e s  t h e  wave t o . a c c e l e r a t e  nea r  t h e  r e g i o n  of wave format ion .  
T h i s  a c c e l e r a t i o n  w i l l  l e a d  t o  a t e r m i n a l  shock  v e l o c i t y  which 
can  be c a l c u l a t e d  from t h e  e q u i l i b r i u m  p r o p e r t i e s  of t h e  g a s  and 
t h e  r e f l e c t e d  shock s t r e n g t h .  Removal of assumpt ion  number two 
t h e r e f o r e  a l lows  one t o  p r e d i c t  t h a t  a n  approximate ly  c e n t e r e d  
c o n s t a n t  v e l o c i t y  expanding wave p a t t e r n  w i l l  appear  some d i s t a n c e  
f rom t h e  back  w a l l .  A close look  a t  t h i s  wave p a t t e r n  shows t h a t  
assumpt ion  number one ( c o n s t a n t r )  becomes less and less v a l i d  as 
t h e  p a t t e r n  expands. Heat ing  by t h e  r e a c t i o n  shock  soon causes  
a n  a p p r e c i a b l e  d e c r e a s e  i n  t h e  de lay  and t h e  wave sys tem becomes 
s e l f  a c c e l e r a t i n g .  One a d d i t i o n a l  f e a t u r e ,  t h e  observed r a r e f a c -  
t i o n  wave, is undoubtably produced because  t h e  g a s  l eav ing  t h e  
a c c e l e r a t e d  r e a c t i o n  wave has  a n e t  v e l o c i t y  away from t h e  back 
w a l l  and must t h e r e f o r e  be  d e c e l e r a t e d  t o  z e r o  v e l o c i t y .  
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The i n t e r s e c t i o n  of t h e  a c c e l e r a t i n g  wave p a t t e r n  and t h e  r e f l e c t -  
e d  shock  produces t h e  i n t e r a c t i o n  desc r ibed  i n  t h e  r e s u l t s  sec- 
t i o n .  T h i s  behavior  is a d e q u a t e l y  p r e d i c t e d  by one dimensional  
g a s  dynamics. A momentum ba lance  on t h i s  i n t e r a c t i o n  shows t h a t  
t h e  forward  t r a v e l i n g  r e s u l t a n t  shock  w i l l  be moving f a s t e r  t h a n  
t h e  c a l c u l a t e d  C J  v e l o c i t y  f o r  t h i s  r e g i o n .  One would t h e r e f o r e  
expec t  t h e  r e s u l t a n t  wave t o  d e c e l e r a t e  t o  t h e  v e l o c i t y  of a h igh  
order d e t o n a t i o n .  T h i s  is what is observed  expe r imen ta l ly .  

SUMMARY AND CONCLUSIONS 

R e a c t i o n  mechanisms may be s t u d i e d  u s i n g  a r e f l e c t e d  shock t ech -  
n ique  even f o r  t h e  case of h i g h l y  exothermic r e a c t i o n s .  F ixed  
s t a t i o n  o b s e r v a t i o n s  nea r  t h e  back w a l l  w i l l  a l l ow t h e  s tudy  of 
chemica l  s p e c i e s  f o r  t h e  case of homogeneous a d i a b a t i c  exp los ions .  
Fur thermore ,  i f  t h e  r a n g e  of r e a c t i o n  time and t h e  geometry of  
t h e  s y s t e m  is c a r e f u l l y  chosen  one shou ld  be a b l e  t o  s tudy  t h e  
r e a c t i o n  wi thout  t h e  bothersome i n f l u e n c e  of w a l l  e f f e c t s .  The 
t i m e  h i s t o r y  of t h e  e x p l o s i o n  w i l l  b e  s l i g h t l y  d i f f e r e n t  t h a n  i n  
a c l o s e d  v e s s e l :  f i r s t  because  t h e  r e a c t i o n  w i l l  i n  g e n e r a l  be 
t r u l y  homogeneous , and second ,  because t h e  g a s  dynamics a l lows  
t h e  volume of t h e  " v e s s e l "  t o  i n c r e a s e  dur ing  r e a c t i o n .  The 
a p p l i c a t i o n  of t h i s  t e c h n i q u e  should  a l low t h e  d i r e c t  s t u d y  of 
t h e  d e t a i l s  of many exo the rmic  r e a c t i o n s  i n  t h e  tempera ture  range  
of  c u r r e n t  i n t e r e s t  (1 .e .  f lame t e m p e r a t u r e s ) .  

The a c c e l e r a t i n g  waves observed  du r ing  our i n v e s t i g a t i o n  a r e  even 
more i n t e r e s t i n g .  We o b s e r v e  a wave p a t t e r n  r emin i scen t  of  a 
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d e t o n a t i o n  under  c o n d i t i o n s  where t h e  " r e a c t i o n  wave'' is passed 
th rough  a combust ib le  mixture a t  a n  a r b i t r a r y  v e l o c i t y  determined 
by t h e  r e f l e c t e d  shock  v e l o c i t y .  (This  a r b i t r a r y  v e l o c i t y  is much 
h i g h e r  t han  t h e  normal flame p ropaga t ion  v e l o c i t y  fo r  t h e s e  mix- 
t u r e s . )  
q u a l i t a t i v e l y  u s i n g  one dimensional  g a s  dynamics w i t h  h e a t  addi -  
t i o n .  An exact t r e a t m e n t  of t h e  have  development w i l l  r e q u i r e , t h e  
u s e  of t h e  method of c h a r a c t e r i s t i c s  and a knowledge of t h e  rate 
of h e a t  release i n  t h e  r e a c t i o n  zone and t h e  e f f e c t  of shock  hea t -  
i n g  on t h e  de l ay  t i m e  

From t h e  b r i e f  a n a l y s i s  g iven  above i t  is e v i d e n t  t h a t  t h e s e  
n i c e l y  one d imens iona l  a c c e l e r a t i n g  waves are fluncoupled'' or 
"weakly coupled" when f i r s t  produced. That  is, t h e  r e a c t i o n  wave 
is phys c l l y  w e l l  removed from t h e  shock  wave. H i r s c h f e l d e r  and 
C u r t i s s  t8f have r e c e n t l y  d i s c u s s e d  t h e  "coupl ing" of t h e  shock  
wave and r e a c t i o n  zone in s t e a d y  d e t o n a t i o n  waves. A d e t a i l e d  
s t u d y  of t h i s  i n i t i a t i o n  p rocess  f o r  a v a r i e t y  of exothermic  
r e a c t i o n s  shou ld  y i e l d  a g r e a t  d e a l  of i n fo rma t ion  on t h e  s t r u c -  
t u r e  of s t a b l e  d e t o n a t i o n  waves for s p e c i f i c  e x p l o s i v e  mix tu res .  

The g e n e r a l  f e a t u r e s  of t h i s  wave p a t t e r n  c a n  be exp la ined  
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F i g u r e  1, (x- t )  S c h l e r i e n  photograph  of ac$iabatic e x p l o s i o n  l ead ing  
t o  s i m p l e  a c c e l e r a t i o n  of t h e  r e f l e c t e d  wave. Time 
i n c r e a s e s  toward  t h e  r i g h t .  B8ck w a l l  of shock  tube  a t  
top.  Vertical l i n e  is s t a t i o n a r y  slit'image. 70% argon, 

= 1 c m  Hg, Ys I 2.76, T,, = 157009, de lay  at back w a l l  
31 - 5  microseconds .  

F i g u r e  2. (x- t )  S c h l e r i e n  photograph  of t h e  i n i t i a t i o n  of de tona t ion  
behind t h e  r e f l e c t e d  wave. Notice t h e  i n t e r a c t i o n  of t h e  
deve loping  d e t o n a t i o n  and t h e  r e f l e c t e d  wave. T ime  
i n c r e a s e s  t o  t h e  r i g h t .  Back w a l l  of shock tube at top. 
85% axgon, Po = 4 cm Bg, Ms = 2.22, T m  = 1160%, de lay  
a t  back w a l l  is 135 microseconds .  
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